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Abstract 
One of the important inputs to the production process is energy. Energy consumption is proportional to a country's economic 
growth. Energy consumption and energy supplied from fossil fuels in production process, cause carbondioxide (CO2) emissions 
and environmental deterioration.  In this study, casual relationships among economic growth, energy consumption and CO2 
emissions were investigated for selected eleven OECD countries(Brasil, France, Greece, Italy, Korea Republic, Mexico, 
Netherland, Poland, Spain, Turkey, UK, USA) and Brasil over the period 1970-2011. In this study, firstly, Cross Sectionally 
Dependency (CD) in a country was examined by using CDLM test (Cross Sectionally Dependency Lagrange Multiplier) 
developed by Pesaran (2004). Stationary of series was investigated with CADF test (Cross-Sectionally Augmented Dickey-
Fuller) developed by Pesaran (2006) by considering CD. Cointegration relationship among series was examined by using panel 
cointegration test with multiple structural breaks developed by Basher and Westerlund (2009). As a result of the empirical 
analysis, cointegration relationship between the series was determined. 
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1. Introduction 
The relationship between economic growth, energy consumption and carbon emission is a subject which have 
long been discussed in energy and environmental economics literature. According to several empirical findings, this 
relationship can be categorized into four groups; while the first group of findings suggests that energy consumption 
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stimulates the growth and there is a one-way relationship, the second group argues that energy consumption 
increases as a result of economic growth, the third group argues that the causality relationship is bidirectional. 
According to the last groups’ findings there is no causality relationship between energy consumption and economic 
growth. 
However, the relationship between economic development and carbon dioxide emissions is formed with the 
framework of Environmental Kuznets curve (EKC) hypothesis in literature. According to this hypothesis, the 
emission rates are high in the first stage of the development of the countries, but after a particular development level 
the emissions get lower and lower as a result of further economic growth. 
When the empirical literature is analysed, studies concentrate on the relationship between energy consumption–
economic growth and carbon emissions-economic growth (Payne, 2010; Öztürk, 2010). As the seriousness of global 
warming and its negative impacts on environment received greater attention on international community, many 
studies particularly focused on the relationship between energy consumption especially the use of fossil fuels and 
CO2 emissions (Soytaş and Sarı, 2009a). 
When we look at the energy-growth-environment (EGE) studies, Soytaş et al. find Granger non-causality 
between economic growth and emissions for the US economy. Ang (2007) finds that, in France, economic growth 
leads both energy use and pollution growth. In China, while Zhang (2000), Zhang and Cheng (2009) and Wang et al. 
(2011) find that economic growth drives carbon emissions, Jalil and Mahmud (2009) support evidence on the 
validity of the EKC  hypothesis. Even though Halicioglu (2009) supports bi-directional link, neither Soytas and Sari 
(2009b) nor Ozturk and Acaravcı (2010) find causal link among the variables for Turkey. For the panel consists of 
six Central American countries, Apergis and Payne (2009) supports the EKC hypothesis.  
Stern (2000) for the USA , Masih and Masih (1996) for India, Soytaş and Sarı (2003) for France, Germany and 
Japan found the results supporting that there is a strong connection between economic growth and energy 
consumption. When the studies are generally considered in literature, it is difficult to say that there is a consensus 
about the direction of the relationship between energy- economic growth and environment. However, it can be said 
that energy consumption generally increases economic growth and carbon emissions. 
 2. Analysis 
The annual data for 1970-2010 period for 11 selected OECD countries and for Brasil were used in the analysis. 
The country selections were based on a few criteria; to represent developed and emerging economies, to consider 
economic closeness and level of integration and finally to represent Annex-B countries and non-Annex-B countries 
in Kyoto Protocol. Variables of the study are Gross Domestic Product (GDP, 2000 fixed prices), energy 
consumption (EC, kg of oil equivalent per capita) and CO2 emissions (CE, metrics ton per capita). Variables are 
included in logarithmic terms in this analysis. The Data is obtained from the web site of the World Bank 
(www.worldbank.org.tr) and International Financial Statistics (IFS) which is the database of UNCTAD and IMF. 
For the analysis Gauss-9 program, codes for this program and Stata-11 package program are used. 
2.1. Testing the cross-sectional dependency 
Before proceeding with further steps, cross-section dependence must be tested. Otherwise, results may be biased 
and inconsistent (Breusch and Pagan, 1980; Pesaran, 2004). Therefore, prior to further analyses, the existence of 
cross-section dependency in the series and the cointegration equation should be tested.  
The existence of a cross-section dependency among countries is tested via the Breusch-Pagan (1980) LM test 
when time dimension is greater than the cross-section dimension. Pesaran (2004) improved this test in the case of 
when time dimension is smaller than the cross-section dimension and when the time dimension is greater than the 
cross-section dimension. This test is biased when the average group is zero, but the average individual is different 
from zero. Pesaran et al. (2008) adjusted this deviation by adding the variance and the average to the test statistics. 
Therefore, it is called the bias-adjusted LM test (LMadj). The adjusted form of LMadj test statistics is as the following:  
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Where  represents the avarage, represents the variance. The test statistics to be obtained here show a 
standard normal distribution as asymptotic (Pesaran, et al. 2008). The null hypothesis of the LMadj test is no cross-
section dependency. The LMadj test was employed and obtained results are presented in Table 1. 
Table 1: Crosssectional Dependency (LMadj) Test Results 
 
Variables Test Statistics Prob. Value 
GDP 64.25 0.000 
EC 40.44 0.000 
CE 43.65 0.000 
Cointegration Equation 34.92 0.000 
Note: p-values were computed 1000 bootstrap replications. 
As can be seen from the Table 1, since the probability values of series and cointegration equation are smaller than 
0.05, H0 hypotheses are strongly rejected and it has been decided that there is cross-sectional dependency among 
these countries. This reveals to a significant change in the series in one of the countries also affects the others. 
Therefore, while the decision makers in these countries set their policies, should take into consideration to policies 
of the other countries and the other external factors. Furthermore, since cross-section dependency determined, while 
choosing the unit root and cointegration tests method, this situation should be taken into account. Therefore, panel 
unit root tests and cointegration analysis considering the cross-section dependency have been also used. 
 
2.2. Panel unit root test 
The panel unit root tests considering the information about both the time and the cross-section dimension of the 
data are accepted to be statistically stronger than the time series unit root tests considering the information only 
about the time dimension (Maddala and Wu, 1999; Levin, Lin and Chu, 2002) as the variability in the data increases 
with the addition of the cross-section dimension to the analysis.  
The first problem in the panel unit root test is whether or not the cross-sections forming the panel are independent 
to each other. Panel unit root tests here are divided into two as first and second generation tests. First generation 
tests are Levin, Lin and Chu (2002), Breitung (2005), Hadri (2000), Im, Pesaran and Shin (2003), Maddala and Wu 
(1999) and Choi (2001).  
In this study, since it has been identified cross-section dependency between the countries in the panel for the GDP, 
EC and CE variables used, stationary of the series has been analyzed with one of the second generation unit root test 
that is CADF test developed by Peseran (2006). Through CADF, unit root test can be performed in each crossection 
unit in the series forming the panel. So the stationary of the series can also be estimated one by one for the panel’s 
overall and each cross-section. CADF test hypothesing that every country is affected differently from time effects 
and considering the spatial autocorrelation is used in T>N and N>T situations. Stationary for each country is tested 
by comparing the statistics values of this test with Peseran’s CADF critical table values. If CADF critical table value 
is greater than CADF statistics value, the null hypothesis is rejected and it is found that the series of only that 
country is stationary. CADF test statistics is estimated as the following:  
                (2) 
                                                                          (3) 
Here  shows unobservable common effects of each country,  shows individual-specific error. Equations (2), 
(3)  and unit root hypotheses can be written as the following: 
 
       (4) 
H0:   for all  i                                                                    (Series is non stationary.) 
H1:    i=1,2,,….,N1,    i=N1+1, N1+2,…, N.           (Series is stationary.) 
Test statistics and critical values have been computed for each country and panel (overall). Results are presented 
in Table 2. 
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Table 2: CADF Unit Root Test Results 
Variables Level First Difference Critical Value 
GDP -2.17 -3.66 -2.93 
EC -2.34 -3.88 -2.93 
CE -2.31 -4.33 -2.93 
Note: Model with constant and trendfor GDP, EC and CE series and %1 significant level have 
been selected as a test model. Gauss 9,0 package program was used in the analysis. 
 
Results in Table 2 show that series are non-stationary at levels but become stationary at first differences; they are 
said to be integrated of first order, I(1). In this case, it has been concluded that the existence of cointegration 
relationship between these series can be tested since series under consideration are integrated of the same order. 
2.3. Cointegration analysis 
The existence of the cointegration relationship between the series has been investigated through the PANKPSS 
(Panel Kwiatkowski-Phillips-Schmidt-Shin) test developed by Carrion-i-Silvestre et al. (2005), which considers the 
cross-section dependency. The null hypothesis denotes cointegrating relationship. When the probability value of the 
calculated test is bigger than 0.05, H0 is accepted and it is decided that there are cointegration relationship between 
the series. Cointegration test results were presented in Table 3. 
 
Table 3: Cointegration analysis results 
 Cointegtarion-stat Prob. Decision 
Break in Constant 32.30 0.470 Cointegration 
Break in Constant and Trend 69.78 0.540 Cointegration 
2.4. Estimation of long term coefficients 
In this part of the study, the long run individual cointegration coefficients will be estimated with the Dynamic 
Seemingly Unrelated Cointegrating Regressions (DSUR) method which is developed by Mark et al. (2005). DSUR 
is an estimator that can generate results providing consistent and asymptotic normal distribution when the time 
dimension is both greater and smaller than the cross-section dimension and that can separately calculate the long 
term cointegration coefficients for the cross-section units (Mark et al., 2005). Long term cointegration coefficients 
of panel were calculated with the DSUR method. In this analysis, these structural break points were added to the 
analysis with dummy variables. DSUR estimations that have been carried out and results are presented in Table 4.  
Table 4: Long-term cointegration  CE=f(EC, GDP)  
Country EC t-stat GDP t-stat 
Brasil 1.621* 4.429 -0.825* -3.149 
France 0.615* 2.236 -0.714*** -1.556 
Greece 1.075* 10.859 -0.321* -4.938 
Italy 0.763* 18.167 0.308* 8.800 
Korea Rep. 0.433* 6.014 0.790* 6.172 
Mexico 1.102* 36.733 0.175* 2.500 
Netherland 0.888* 7.722 0.067 0.383 
Poland 0.956* 45.524 0.035** 1.944 
Spain 0.394* 2.345 1.102* 5.009 
Turkey 1.879* 10.212 -0.743* -4.503 
UK. 0.789* 12.328 -0.150* -2.727 
USA 1.048* 10.694 -0.502* -3.560 
Panel 0.942* 104.66 -0.002 -0.222 
Note: Autocorrelation and heteroscedasticity problems were adjusted with the Newey-West. [ ]; shows tstatistics. *, 
**, ***; Indicates significance level in 1%, 5% and 10% respectively. 
According to Table 4, the effect of energy consumption on CO2 emission is positive and statistically significant 
in accordance with our theoretical expectations. 1% of increase in energy consumption will increase the CO2 
emissions with the ratio of 0.94%. However, the effect of GDP on carbon dioxide emissions is very low and 
negative. 1% of increase in GDP will decrease carbon emissions with the ratio of 0.002%. As a result Slope 
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Homogeneity Test, with the statistical value of 1.218 and probality value of 0.112, it was found that slope 
parameters are homogenous and therefore H0 hypothesis is accepted. In this case, it was concluded that results of the 
co-integration analysis for the whole panel is valid and reliable compared to individual country results (Pesaran and 
Yamagata, 2008).  
3. Results and policy implications 
In this study, the effects of energy consumption and GDP on CO2 emissions were analyzed with the help of 
structural breaks dynamic panel data analysis in the sample of 11 OECD countries and Brasil. The existence of cross 
section dependency between the countries in the panel, in other words the hypothesis that a macro economic shock 
happening in one of the analyzed countries would affect the others, was analyzed with CDLM test which was 
developed by Berusch-Pagan (1980) and whose deviation was corrected by Peseran,Ullah and Yamagata and it was 
determined that there existed cross section dependency in cointegration equation and between the series of GDP, 
energy consumption and carbon emissions of the analyzed countries.  
The existence of unit root in series in this study was analyzed by CADF test developed by Peseran (2006) 
considering the cross section dependency in series and it was found that series were not stable in level and became 
stable when their first differences were taken. In this case it was determined that the prerequisite was ensured to 
study the cointegration relationship between series. The existence of cointegration relationship between the series 
was analyzed by the test developed by Basher and Westerlund (2009) and considering the cross section dependency 
and structural breaks and it was observed that there was cointegration relationship between the series. 
The long term cointegration coefficients were estimated by CCE method developed by Peseran (2006) and 
considering the cross dection dependency. The findings reveal that energy consumption in the general of countries 
in the panel affected carbon dioxide emissions positively, on the other hand, GDP growth affected it negatively yet 
the impact was rather small.  
References 
Ang, J.B. (2007). “CO2 emissions, energy consumption, and output in France.” Energy Policy, Vol. 35, pp. 4772-4778. 
Apergis, N. and Payne, J.E. (2009). “CO2 emissions, energy usage, and output in Central America.” Energy Policy, Vol. 37, pp. 3282-3286. 
Basher, S. A. & Westerlund, J. (2009). Panel cointegration and the monetary exchange rate model, Economic Modelling, 26, 506-513. 
Breitung, J. (2005). A Parametric Approach to the Estimation of Cointegrating Vectors in Panel Data, Econometric Reviews, 24(2): 151Ǧ173. 
Breitung, J. (2005). A Parametric Approach to the Estimation of Cointegrating Vectors in Panel Data, Econometric Reviews, 24(2): 151Ǧ173. 
Breusch, T.S & Pagan A.R. (1980). The Lagrange Multiplier Test and Its Applications to Model Specification Tests in Econometrics, Review of 
Economic Studies, 47: 239-53. 
Carrion-I-Silvestre, Josep Lluis, Barrio-Castro, Tomas Del and lopez-Bazo, Enrique, (2005). Breaking the Panels: An Application to the GDP Per 
Capita, Econometrics Journal, 8: 159-175.  
Choi, I. (2001). Unit Roots Tests for Panel Data, Journal of International Money and Finance 20: 229-272.  
Hadri, K. (2000). Testing for Stationarity in Heterogenous Panels, Econometrics Journal, 3: 148-161. 
Halicioglu, F. (2009) “An Econometric Study of CO2 Emissions, Energy Consumption, Income and Foreign Trade in Turkey”, Energy Policy, 
Vol.37, pp.1156-1164.  
Im, K., Pesaran H. & Shin Y. (2003). Testing for Unit Roots in Heterogenous Panels, Journal of Econometrics,  115(1): 53-74. 
Jalil, A. and Mahmud, S. F. (2009). “Environment Kuznets curve for CO2 emissions: a cointegration analysis”, Energy Policy, Vol. 37, pp. 5167-
5172. 
Levin, A., Lin C.F. & Chu C.S.J. (2002). Unit Root Tests in Panel Data: Asymptotic and Finite Sample Properties, Journal of Econometrics. 
Maddala, G.S. & Wu, S. (1999). A Comparative Study of Unit Root Tests with Panel Data and a New Simple Test, Oxford Bulletin of Economics 
and Statistics, 61: 631-652. 
Mark, N. C., Ogaki, M. Sul, D. (2005). Dynamic Seemingly Unrelated Cointegrating Regressions, Review of Economic Studies 72, 797–820. 
Masih, A. M. M., Masih, R., (1996). Energy consumption, real income and temporal causality: results from a multi-country study based on 
cointegration and error-correction modeling techniques. Energy Economics 18, 165–183. 
Ozturk, I. (2010), “A literature survey on energy–growth nexus”, Energy Policy, 38, 340–349. 
Ozturk, I. and Acaravci (2010). “CO2 emissions, energy consumption and economic growth in Turkey”, Renewable and Sustainable Energy 
Reviews, Vol. 14, pp. 3220-3225. 
Payne, J. E. (2010). “Survey of the international evidence on the causal relationship between energy consumption and growth”, Journal of 
Economic Studies, 37(1), 53-95. 
Pesaran, H. (2006). A Simple Panel Unit Root Test in the Presence of Cross Section Dependency, Cambridge Working Papers in Economics, 
0346. 
Pesaran, M. H.  (2004). General Diagnostic Tests for Cross Section Dependence in Panels, Cambridge Working Papers in Economics, 435. 
Pesaran, M. H. and Yamagata, T., (2008). Testing Slope Homogeneity in Large Panels, Journal of Econometrics, 142(1): 50–93. 
592   Mehmet Mercan and Etem Karakaya /  Procedia Economics and Finance  23 ( 2015 )  587 – 592 
Pesaran, M. H., Ullah, A. & Yamagata, T., (2008). A Bias-Adjusted LM Test of Error Cross-Section Independence, Econometrics Journal, 11(1), 
105-127. 
Sari, R. and Soytas, U. (2009a). “Are global warming and economic growth compatible? Evidence from five OPEC countries.” Applied Energy, 
Vol. 86, pp. 1887-1893. 
Soytas, U. and Sari, R. (2009b). “Energy consumption, economic growth, and carbon emissions: Challenges faced by an EU candidate member.” 
Ecological Economics, Vol. 68, pp. 1667-1675. 
Stern, D. I., (2000). A multivariate cointegration analysis of the role of energy in the US macroeconomy. Energy Economics 22, 267–283.  
Wang, S.S., Zhou, D.Q., Zhou, P., and Wang, Q.W. (2011). “CO2 emissions, energy consumption and economic growth in China: A panel data 
analysis.” Energy Policy, Vol. 39, pp. 568-574. 
Zhang, X.-P., Cheng, X.-M., 2009. Energy consumption, carbon emissions, and economic growth in China. Ecological Economics, 68, 2706–
2712. 
Zhang, Z., (2000). Decoupling China’s carbon emissions increase from economic growth: an economic analysis and policy implications. World 
Development, 28, 739–752. 
